Commentary: What can evidence on intergenerational transmission of risk of low birth weight and cardiovascular disease tell us about mechanisms? by Dwyer, Terence et al.
intrauterine growth restriction. Obstet Gynecol 2003;101:
237–42.
37 Freathy RM, Bennett AJ, Ring SM et al. Type 2 Diabetes
Risk Alleles are Associated with Reduced Size at Birth.
Diabetes 2009;58:1428–33.
38 Dwyer T, Blizzard L, Patterson B. Association between
birth weight and adolescent systolic blood pressure in a
Caucasian birth cohort differs according to skin type,
CRH promoter or 11beta-HSD2 genotype. Arch Dis Child
2008;93:760–67.
39 Weedon MN, Frayling TM, Shields B et al. Genetic regu-
lation of birth weight and fasting glucose by a common
polymorphism in the islet cell promoter of the glucoki-
nase gene. Diabetes 2005;54:576–81.
40 Freathy RM, Weedon MN, Bennett A. Type 2 diabetes
TCF7L2 risk genotypes alter birth weight: a
study of 24,053 individuals. Am J Hum Genet 2007;80:
1150–61.
41 Bygren LO, Kaati G, Edvinsson S. Longevity determined
by paternal ancestors’ nutrition during their slow growth
period. Acta Biotheoretica 2001;49:53–59.
42 Pembrey ME, Bygren LO, Kaati G et al. Sex-specific, male-
line transgenerational responses in humans. Eur J Hum
Genet 2006;14:159–66.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/2.5), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Published by Oxford University Press on behalf of the International Epidemiological Association
 The Author 2010; all rights reserved. Advance Access publication 30 June 2010
International Journal of Epidemiology 2010;39:1276–1278
doi:10.1093/ije/dyq109
Commentary: What can evidence on
intergenerational transmission of risk
of low birth weight and cardiovascular
disease tell us about mechanisms?
Terence Dwyer,* Ruth Morley and Obioha Chukwunyere Ukoumunne
Murdoch Childrens Research Institute, Parkville, Victoria, Australia
*Corresponding author. Murdoch Childrens Research Institute, PO Box 1100, Parkville, Victoria 3052, Australia.
E-mail: terry.dwyer@mcri.edu.au
Accepted 18 May 2010
The potential relevance of
establishing an association
between a child’s birth
weight and their parents’
and grandparents’ cardiovascular
disease risk
The paper by Manor and Koupil
1 seeks to determine
whether the known link between an infant’s birth
weight and the mother’s risk of cardiovascular dis-
ease
2 extends to the grandparent’s generation. This
possibility has had little investigation to date.
The paper builds on evidence that an infant’s birth
weight is associated with its future risk of
Cardiovascular Disease (CVD), hypothesized to be
due to metabolic dysfunction occasioned by poor
fetal growth.
3 One of the major determinant’s of
infant birth weight is the mother’s size, which in
turn is related to her own birth weight.
4 The associ-
ation between birth weight in the infant and both the
mother’s birth weight and CVD risk is, therefore, not
surprising. However, there are several potential causal
pathways that could underpin this joint risk of low
birth weight in the infant and high CVD risk in the
mother which the examination of grandparental asso-
ciations could help unveil. These explanations include
the following.
(1) A mother who is small from any cause, environ-
mental or genetic, might influence the size of her
offspring directly through physiological and ana-
tomical pathways. These pathways might include
placental factors and pelvic dimensions.
5,6
If small birth weight alone increased risk of
CVD, then under this scenario CVD risk would
be high in both mother and any offspring.
1276 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY(2) Alternatively, the mother might carry genes that
jointly influence the risk of low birth weight and
CVD risk.
2 These could be inherited from either
her mother or father—or both. They could be
found in genomic DNA or mitochondrial DNA.
(3) A third possibility is that shared environmental
factors in each generation could be responsible
for both low birth weight and high CVD risk in
each generation.
While the type of data presented here on apparent
intergenerational transmission of risk cannot conclu-
sively separate these possibilities, it can help identify
which of the possible pathways is likely to hold the
explanation.
If (1) was correct, an association between mother’s
CVD risk and the infant’s birth weight would be ex-
pected, but the association would be attenuated in the
grandmother. This is because low birth weight is only
partly explained by the mother’s size, and even less so
by grandmother’s size or birth weight.
4 As father’s
size does not seem to influence birth weight in a
major way,
4 little association with CVD in the father
via the birth weight pathway would be anticipated.
If the explanation lay in the pathway described
in (2), the associations would vary depending on
whether genomic or mitochondrial genes were
involved. With the former, associations would be
anticipated between the proband’s birth weight and
both parental and grandparental CVD risk, but
decreasing with each generational distance from the
proband.
If mitochondrial genes were involved, there would
be no association with male CVD risk in each gener-
ation, but there would be an association with risk in
both mothers and grandmothers, which would be of
similar strength.
The associations expected if (3) applied would
depend on the extent to which a particular hypothe-
sized environmental cause was transmitted from one
generation to the next. Smoking is an obvious poten-
tial environmental explanatory factor.
7 Population
trends indicated that the parent’s generation in this
cohort were less likely to smoke than the grandpar-
ent’s generation; if maternal smoking was responsible
for the lower birth weights of the children in this
study and her smoking was correlated with maternal
grandparent’s smoking, one might anticipate that the
CVD risk in grandparents might be higher than that
in the parents.
Findings from the Uppsala Study
The data reported in this paper come from the
Uppsala Birth Cohort Study, which involved
a sample of 28175 infants, 14129 mothers,
13863 fathers and close to 4000 grandmothers and
a similar number of grandfathers.
The central findings are that risk of all-cause mor-
tality in mothers was inversely related to infant’s
birth weight, with an Odds Ratio (OR), of 1.82
(95% Cl: 1.07–3.11) in the mothers of babies in the
lowest 5% of birth weights compared with mothers of
babies with birth weights within the inter-quartile
range. The association was even stronger for
CVD—with an OR of 2.68 (1.08–6.64) for mothers
of those infants in the lowest 5% of birth weights.
There was no association between infant’s birth
weight and father’s risk of either of these two
outcomes.
The authors go to considerable lengths to demon-
strate associations among grandparents. However,
the only estimates of association using the continuous
data for birth weight where there was some evidence
of an association are those for all-cause and CVD
mortality for maternal grandfathers. Even then, the
ORs for the lowest birth weight category are
modest: 1.24 (1.04–1.49) and 1.31 (1.01–1.45) for all
cause and CVD mortality, respectively.
The authors then separate the data into two time
periods—pre- and post-1977. They note that, in a
quadratic model, an association for CVD mortality
with birth weight is evident in maternal grand-
mothers of probands born before 1977. However, the
test for heterogeneity of the association between the
time periods indicates that this separate analysis is
not justified.
So, the only convincing finding is that mother’s all-
cause and CVD mortality, in particular, is related
to her infant’s birth size. The most plausible interpret-
ation of the data on the grandparental associations is
that they are weak or non-existent, since the 95%
confidence intervals are sufficiently narrow to exclude
material effects.
What inferences should therefore be drawn about
the hypothesized causal pathways? Based on the
data from this study, the most plausible inference is
that physiological or anatomical restrictions imposed
on a developing fetus by the mother’s small size—
whatever the cause—is the pathway through which
the joint risk of low birth weight and future risk of
CVD are primarily transmitted. The results of this
study do little to support a common genetic cause
of both outcomes, nor do they suggest that environ-
mental factors shared between grandparents and par-
ents are a substantial contributor.
The three-generation evidence presented by Manor
from the Uppsala Cohort supports inferences drawn
from previous studies of two generations that the
relevant aetiological process involves the mother. In
addition, this study, by providing the opportunity to
examine the association in maternal grandmothers as
well as mothers, permits us to exclude the possibility
that mitochondrial genes may underlie the associ-
ations observed. A note of caution here is that a
recent record linkage study in Scotland did demon-
strate an association between both maternal and
INTERGENERATIONAL TRANSMISSION OF RISK 1277paternal grandparents’ CVD risk and grandchild’s
birth weight.
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